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The changes that have been effected in the theories of germ- 
cell origin since 1870 are characteristic of the advance of scientific 
thought in general. Waldeyer’s theory (1870) of their origin 
from peritoneal cells was, in its very simplicity, so attractive that 
it received universal recognition ; and since Nussbaum’s opposing 
theory (1880) that the germ-cells are to be observed in the late 
cleavage stages of the egg, there has been continual controversy 
over every new detail. The phenomenon of migration of the 
germ-cells was observed in sponges long before Nussbaum ; Bal- 
four’s evidence (1878) indicates a migration from the mesentery 
to the genital ridges, and Balfour admits the possibility of a 
migration from the blastoderm ; Weismann proved conclusively 
its occurrence in the hydroid polyps ; and yet modern embry- 
ologists seem slow to admit that the primitive germ-cells in 
vertebrates have the power of independent movement. 

Eigenmann (1891) was the first to give a detailed account of 
the wanderings of the germ-cells in vertebrates ; he described the 
migration from before backward in Cymatogaster (Micrometrus), 
and in 1896, a dorso-median migration in this teleost. Hoff- 
mann (1892) noted a probable migration from the connective 
tissue between splanchnic mesoblast and entoblast to the ger- 
minal epithelium, and Rabl (1896) gave a detailed description of 
their very general distribution in selachians. It would seem that 


1 Contributions from the Zodlogica) Laboratory of The University of Texas, No. 93. 
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Wheeler’s (1899) work on the lamprey is conclusive evidence ; he 
found the germ-cells first in the entoblast lateral to the myotome, 
in the mesoblast after it is cut off, and then moving into the 
median line. Bouin (1900) argues that the germ-cells arise 
directly from the peritoneal and sclerotome cells of the germinal 
region, but admits that they may also come from the yolk-sac. 
Nussbaum (1901) records their migration in Gallus from the 
splanchnic mesoblast, where they appear as large, yolk-laden 
cells, the ova being their descendants. Woods (1902) gives an 
interesting account of the germ-cells in Acanthias, where they 
first appear in the entoblast or in the yolk, migrating to the 
germ-gland anlagen. 

Beard (1902) studied the germ-cells in various selachians. In 
Raja he traced them back to late cleavage stages ; many come to 
lie in the germinal cavity, whence they migrate into the embryo, 
and along the space between entoblast and mesoblast to the ger- 
minal nidus ; some leave this normal path and reach other organs 
of the embryo. He considers that some of these latter degenerate. 

Bohi (1904) found that the first germ-cells appear in the trout- 
embryo not before the twenty-fifth day after fertilization ; in the 
salmon, not before the thirty-first. They lie in the splanchnic 
and somatic mesoblast, being pushed into the somatic by the 
growth of the splanchnic. 

Allen (1906) working on Chrysemys, found that the germ-cells 
originate in the entoblast at the edge of the area pellucida, in a 
zone extending from a point opposite the anterior end of the 
pronephros to a point behind the embryo. They migrate in the 
entoblast to a point beneath the notochord, and upward through 
the sclerotome to the germ-gland anlagen. A part of these also 
“lose the way.” In Rana pipiens (1907) he finds that they 
develop from a group of apparently indifferent entoblast cells in 
the dorso-median region ; this group is cut off from the other 
entoblast cells by the growth of the mesentery, or more probably, 
moves above the mesentery; later, the cells migrate laterally 
coming to lie in the paired germ-gland anlagen. 

Through the courtesy of Dr. Allen, I have been enabled to 
examine the more important stages in the migration of the germ- 
cells of Chrysemys ; they are similar to my own material, as my 
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conclusions, although differing from Dr. Allen’s in details of 
early distribution and period of migration, uphold his. 

My work was done on Phrynosoma cornutum Harlan, of cen- 
tral Texas. The material was largely supplied from the collec- 
tions of Miss Augusta Rucker ; I take this opportunity to express 
my thanks to her, and also to Dr. Thomas H. Montgomery, 
under whose direction this study was completed. 

The embryos were fixed in nitric acid, Zenker’s fluid, and picro- 
sulphuric acid, the last proving to be the most satisfactory ; the 
sections were double stained with Heidenhain’s iron hematoxylin 
and alcoholic eosin, and sections were made 6 micra thick. 

The most careful study was given to series No. 26; a stage 
where the intestine is completely closed except at the region of 
the yolk-stalk which is 15 mm. wide ; the allantois is well devel- 
oped, and two visceral clefts have broken through. This was 
compared with series Ng. 12, an embryo with five visceral clefts. 
Each section was examined under an immersion lens, and the 
number and positions of the germ-cells were tabulated. In ser- 
ies No. 12, the peritoneum of the germ-gland anlagen is distinctly 
thickened throughout the region of the mesonephros; within 
these thickenings there are found at intervals large rounded cells, 
with clear cytoplasm containing yolk and large clear nuclei with 
deep-staining chromatin granules. Two of these are drawn in 
Fig. 1; the nucleus of the left germ-cell measures 6 micra and 
5 micra in its diameters ; that of the right, 7 micra and 6 micra. 
These were called typical germ-cells ; considering their appear- 
ance and position, no other satisfactory explanation of their nature 
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can be given. Their characters were taken as criteria in study- 
ing the germ-cells occurring elsewhere. 

Similar cells are observed in various regions of the embryo. 
The above table shows their distribution in series 12 and 26 
and one row of sections of series 27, an embryo with three vis- 


Germ 
Mes.2. Cell 


ceral clefts, only the row of sections cutting the yolk-stalk being 
studied. 

The germ-cells in the intestinal wall (see Fig. 2), are near the 
region of the yolk-stalk, a point to be noticed in considering the 
probable path of migration. 

The germ-cells in No. 26 near the central nervous system are 
interesting, from their location in the anterior portion of the 
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embryo ; one is lateral to the prosencephalon, one to the dien- 
cephalon, and one to the mesencephalon, the fourth being in the 
region of the spinal cord. Also worthy of note are the two 
within the cavity of the yolk-stalk in series 12, and a third, in 
the section preceding, which lies partly in the entoblast, partly in 
the cavity of the yolk-stalk, into which it is apparently migrating. 

The figures in series 12 have only comparative, not absolute, 
value, owing to the facts that some sections were folded so that 
it was impossible to determine whether or not they contained 
germ-cells, and that I counted only those cells the nature of 
which is indisputable. An exact count would undoubtedly give 
a larger total than 98; but this, when compared with the total 
of 17 in the younger stage No. 26, requires some explanation of 
the increase in number. 

Mitoses, although frequent among the somatic cells, were not 
observed among the germ-cells, indicating the period of rest for 
the germ-cells observed in other vertebrates, and excluding the 
explanation of the increase in number of germ-cells by division. 
Of the three other possible explanations, namely the transforma- 
tion of somatic cells, or of undifferentiated cells within the 
embryo, into germ-cells, and the migration of germ-cells from 
the extra-embryonic region into the embryo, the last seems to be 
the correct one; because, first, no ‘transitional cells’? were 
observed, and, second, because germ-cells were found in the 
blastoderm, and in various positions indicating a migration thence 
into the embryo. 

Practically every section of the area vasculosa in series No. 26 
contains germ-cells in the entoblast, cephalad, caudad, and laterad 
of the embryo. I have not counted them in the entire series, 
but there are several in each section examined, and must be very 
numerous. These cells have all the characteristics of germ-cells, 
the nuclei of the surrounding entoblast, mesoblast, and ectoblast 
cells being distinctly smaller, as shown in Figs. 3 and 4. The 
drawings do not show so clearly as I could wish that the germ- 
cells lie in the entoblast rather than in the mesoblast ; in fact, 
their size makes the question difficult to determine, especially 
since entoblast and mesoblast are not very clearly differentiated ; 
but the nuclei, and often the entire cells, lie below the level of 
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the blood-vessels, and the lower wall of the cells, where distin- 
guishable, touches the boundary of the entoblast, so that I con- 
clude that they lie normally in the entoblast. 

No germ-cells were observed in the extra-embryonic blasto- 
derm of No. 12; in series No. 15, an embryo of the same age, 
of which about one half the sections were examined in detail, one 
germ-cell was found in the blastoderm ; they were present in the 
blastoderm of series No. 27. 

The path of normal migration is the entoblast of blastoderm, 
yolk-stalk, and intestine, and the sclerotome of the mesentery to 
the germinal anlagen ; the only other possile path is the meso- 
blast of the same structures, and the following table shows that 
the first is the normal path : 


Series 12 Series 26 Series 27 


Ento. of blastoderm o numerous numerous 
Ento. of yolk-stalk 6 

Ento. of intestine 8 

Scler. between intestine and germ anlage. 22 9 

Total in path of normal migration 36 9 

In meso. of yolk-stalk 4 o 


Those cells that “lose the way”’ are found in the various po- 
sitions tabulated above. It will be observed that the migration 
is just beginning in series 26, and practically completed in No. 12. 

This controverts the suggestion that the cells are passively 
carried by the concrescence of the germ-layers, since this growth 
is too slight, between the stages studied, to account for the trans- 
position of the germ-cells. 

Now the total number of germ-cells in the older embryo, even 
allowing for the folded sections, is not nearly equal to the total 
number of extra-embryonic germ-cells in the younger embryo. 
The most obvious explanation of the deficit is Beard’s theory of 
degeneration. My observations appear to uphold Beard ; I find 
cells resembling germ-cells in every respect except the size of 


the nuclei, these being about equal to the somatic nuclei, or ap- 


parently absent entirely. They are especially numerous in the 
sclerotome around the aorta, where the abnormally placed cells 
are also most numerous. They occur in the cavity of the yolk- 
stalk, and apparently in the intestinal lumen; the presence of 
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two indubitable germ-cells in the cavity of the yolk-stalk, and of 
a third half imbedded in the entoblast and half projecting into 
the same cavity, lends further support to the theory. However, 
it will require an exact enumeration of the blastodermic and em- 
bryonic germ-cells of many embryos at various stages, as well 
as work along other lines, to determine the question in Phryno- 
soma. The possibility that these might be transitional forms be- 
tween somatic and germ-cells is precluded, it seems to me, by 
the fact that they are not found in what I have termed the path 
of normal migration of the germ-cells, and especially by their 
non-appearance in the germinal anlagen. 


SUMMARY. 


1. The germ-cells appear first in the entoblast of the vascular 
area of the blastoderm. They lie cephalad, caudad, and laterad 
to the embryo. 

2. The germ-cells migrate in the entoblast of the blastoderm, 
yolk-stalk, and intestine, and the sclerotome of the mesentery, 
to the germinal anlagen. Very many leave this path and come 


to lie in various regions of the embryo. 
3. Some of these abnormally placed germ-cells probably 
degenerate. 
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THE CHROMOSOMES IN CROSS-FERTILIZED 
ECHINOID EGGS. 


D. H. TENNENT. 


In experiments which I carried on during the summer of 1907' 
crosses were made between several echinoids, namely, by the 
fertilization of : 

1. The egg of the spatangoid Motra atropos with the sperm of 
the sand-dollar Mediita pentapora. 

2. The egg of Moira with the sperm of the sea urchin 7oxo- 
pneustes variegatus. 

3. The egg of Moira with the sperm of the sea urchin Ar- 
bacia punctulata. 

. The egg of Toxopneustes with the sperm of Moira. 
5. The egg of Zoxopneustes with the sperm of Melita. 
6. The egg of Ardacia with the sperm of Moira. 

. The egg of Aréacia with the sperm of JJellita. 

. The egg of Mediita with the sperm of Joira. 

The work was undertaken primarily with the object of obtain- 
ing material for a cytological study of cross-fertilized eggs and 
secondarily for the purpose of making a comparison, based es- 
pecially upon the character of the skeleton, between larval forms. 

In this paper I shall consider some of the earlier phenomena 
exhibited, in brief, the prophases and early metaphases of divi- 

Moira 3 Moira 3 


sion, in two of the crosses, (1), Tomapuawatis « and (2), aia? 


reserving the consideration of later stages, of the other crosses, 
and a general discussion of the results for a latter contribution. 
The method of effecting the cross-fertilization was the exceed- 
ingly simple one of allowing the eggs, after their removal from 
the ovary, to stand for several hours in sea water, the water being 
changed occasionally, and at the most favorable time, which was 


‘I wish to express my thanks to the Hon, George M. Bowers, U. S, Commissioner 
of Fisheries, for the privilege of working in the Beaufort Laboratory and to Mr 
Henry D., Aller, director of the laboratory, for many courtesies extended to me. I 
am also indebted to Dr. Bartgis McGlone for information regarding the artificial fertili- 
zation of Moira eggs. 
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determined by experiment, to fertilize the eggs with normally 
very active sperm. 
All attempts at cross-fertilization of the eggs immediately after 
their removal from the ovary were unsuccessful. 
- Moira 3 
For the crosses the eggs were allowed to stand 
Toxopneustes % 


Moira 3 


in sea water for five hours and for the crosses for seven 


Arbacia § 
hours, before fertilization. 

Fully 95 per cent. of the eggs so treated underwent a regular 
and comparatively uniform cleavage, the greater number devel- 
oping into swimming blastulz and gastrule. About 75 per 
cent. of these embryos never developed beyond this stage. The 
remaining 25 per cent. developed into plutei which remained 
alive and were kept under observation for about ten days. 

This high percentage of segmentation was never approached 
in experiments in which chemicals were employed as aids in 
effecting cross-fertilization, although naturally no attempts to 
bring such methods to perfection were made after I had obtained 
so simple a means of bringing about the results that I desired. 

The fact that the eggs were actually fertilized was recognized 
in the transparent Zoxopneustes eggs by the observation of the 
union of the pronuclei. In the cases of both the Zoxopneustes 
and Aréacia eggs a fertilization membrane was formed. 

Each series was checked by a control series of unfertilized 
eggs. In these controls the eggs were allowed to stand, with 
occasional changes of sea water, and in every instance the eggs 
ultimately disintegrated without undergoing segmentation. 

The figures that illustrate the account that follows were drawn 
from sections of picro-acetic and sublimate-acetic material stained 
in iron hematoxylin. 


A. Tue Moira 3 Toxopneustes 2 Cross. 


The Zoxopneustes eggs stood in sea water, which was changed 
four times, for five hours when they were fertilized with M/otra 
sperm. 

Cleavage began 40-45 minutes later. The time consumed 
during the entrance of the spermatozoon, fusion of the pronu- 
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clei, formation of the amphiaster, etc., is then approximately the 
same as in 7oxopneustes eggs fertilized with 7oxopneustes sperm. 

The chromosomes as seen in a polar view of the equatorial 
plate of ee : eggs are shown in Figs. 1 and 2. 

Toxopneustes © 

They are seen to have the appearance of rather long, slender, 
and somewhat bent rods. By comparing these two figures it 
may be seen that variations in the form of the chromosomes, 
which are correlated with slight differences in the ages of the 
plates, are evident. 

A corresponding view of the chromosomes in a section of a 
Moira 3 


Moira 2 °8%'s shown in Fig. 3. 


Some differences are apparent, but in general the size, form, 
etc., of the chromosomes in this plate are so like those of the 
Toxopneustes egg that one need scarcely venture to hope to be 
able to identify the chromosomes of maternal and paternal origin 
in the cross-fertilized eggs. 

An examination of sections such as are illustrated in Figs. 4 


and 5 convinces me that we have here a mixture of the two 
sorts, but I find myself unwilling or perhaps unable to distin- 
guish the chromosomes of either origin. 

Some interesting variations from the normal were found in one 


Moira 3 

series of Toxopmeustes 0 °2e> which more than one spermato- 
oxopneustes *¥ 

zoon had entered the egg. Two different results are shown in 

Figs. 9-12 and Text Fig. 1. 

In one case the extra sperm-nucleus is seen moving toward 
the segmentation nucleus. Its aster has divided while the cen- 
trosome of the future cleavage amphiaster is still single (Fig. 9). 
Later the second sperm nucleus seems about to fuse with the 
segmentation nucleus while the centers of the regular cleavage 
amphiaster have separated (Fig. 10). In some cases fusion 
between the two nuclei takes place; in others (Fig. 11), the 
fibers from one of the sperm asters enter the nucleus and the 
chromosomes become differentiated in the network before the 
cleavage asters have well separated. 


In the other case (Fig. 12 and Text Fig. 1), chromosomal 
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difterentiation and separation of the cleavage centers had gone 
on to a considerable extent before the additional spermatozoon had 
entered the egg. Here the two amphiasters are seen side by 
side. In Text Fig. 1 what may possibly be sperm tails are seen 
lying within a fertilization cone, although the entrance of the tail 


Fic. 1. TZoxopneustes egg X Moira sperm. (Drawn to same scale and re- 
duced slightly more than are plate figures.) Segmentation nucleus dividing. Extra 
sperm nucleus in prophase. 


in the fertilization of the echinoderm egg is contrary to the gen- 
eral belief. 

These cases ought to prove of interest in further investigation 
along the lines laid down by Boveri in his recent contribution on 
dispermic sea urchin eggs (Zellen-Studien, Heft 6). 
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B. Tue Moira 3 Arbacia 2 Cross. 


In effecting this cross the Ardacia eggs were allowed to stand 
in sea water for seven hours, the water being changed every hour, 
and then fertilized. The controls gave no segmentation. 

Cleavage began about forty minutes later ; again approximately 
as in normally fertilized eggs, in both cases being slightly hastened 
or retarded by variations in the temperature of the water. 


2 


\ 


Fic. 2. Arbacia egg X Moira sperm. Egg outline omitted, otherwise drawn 
to same scale and reduced as are plate figures. Chromosomes scattered throughout 
cytoplasm. Aréacia chromosomes and J/oira chromosomes may be distinguished 
from one another by size. 


The sections of eggs of this cross are perhaps of greater in- 
terest than those of the Motra-Toxopneustes cross because of the 
fact that the chromosomes of the two species are of sufficient 
difference in form to be distinguished from one another. 
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Fig. 6 shows the chromosomes of an equatorial plate of an 
Arbacia 3 
Arbacia ¢ °8® The chromosomes here are seen to be short, 

} 
slightly bent rods. These are quite different in form from those al- 
ready mentioned in the equatorial plate of Moira (Fig. 3), where 
the chromosomes are longer and comparatively more slender. 

The sections of the Moira-Arbacia cross-fertilized eggs giving 
a polar view of the equatorial plates (Figs. 7 and 8), show a 
mixture of short and long forms probably indicating Ardacia and 
Moira chromosomes respectively. These differences in form 
are evident in the equatorial plates of both the first and second 
cleavages, which is as far as I have carried the observations. 

The differences in form are less evident in the late metaphases 
or early anaphases when the daughter chromosomes are drawn 
out, behaving like substances with a high surface tension, and 
then contracting during the late anaphases, into much shorter 
rods. 

In both of the crosses, but especially in sections of eggs of the 
Moira-Arbacia cross, an interesting phenomenon may be noted 
(Text Fig. 2). 

In eggs in which the daughter nuclei are in the resting condi- 
tion succeeding the first division, the cytoplasm contains many 
deeply staining rods. The nucleus at this time does not take the 
chromatin stain and appears like an empty vesicular structure. 

In eggs, of the same lot and on the same slides, in which the 
fibers of the second amphiaster have begun to form, the nucleus 
again takes the stain and shows the chromatic net, while the 
cytoplasm is seen to be free from the bodies described. 

These structures have puzzled me not a little, but I have finally 
reached the conclusion that the eggs in which they occur are de- 
generating. Even though this be true it is difficult to explain 
the simulation or perhaps occurrence of longitudinal and trans- 
verse divisions of these chromosomes lying free in the cytoplasm. 


SUMMARY. 
This paper deals with observations made on sections of cross- 
fertilized eggs of two kinds: (1) Zoxopneustes eggs fertilized with 
Moira sperm, (2) Arbacia eggs fertilized with Moira sperm. 
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The results of the study may be summarized as follows : 

1. The equatorial plate of the Motra-Toxopneustes cross shows 
a mixture of two kinds of chromosomes not sufficiently unlike 
one another to enable a positive distinction between the two. 

2. The equatorial plate of the Motra-Arébacia cross shows a 
mixture of two kinds of chromosomes, one variety long, the 
other variety short. These differences in form are correlated 
with the spermatozoon and the egg respectively. 


BRYN MAwR COLLEGE, 
March, 1908. 
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EXPLANATION OF PLATE Il. 


All of the figures were drawn with the aid of a camera and Zeiss compensation 
ocular 12 and 2mm, Apochromatic oi] immersion objective. They were enlarged 
two diameters with a drawing camera and have been reduced to one half in 
reproduction. 

Fic. 1, Toxopneustes egg < Toxopneustes sperm. Equatorial plate. Polar view. 

Fic. 2. Same as Fig. 1. 

Fic. 

Fic, 

Fic. 


Moira egg < Moira sperm. Eq. pl. 
Toxopneustes egg < Moira sperm. Eq. pl. 
Same as Fig. 4. 


Fic. Arbacia egg < Moira sperm. Eq. pl. 

Fic. Same as Fig. 7. 

Fic. 9. Toxopneustes egg < Moira sperm. Segmentation nucleus with centro- 
some undivided. Extra sperm nucleus with aster divided. 

Fic. 10. Zoxopneustes egg < Moira sperm. Segmentation nucleus with centro- 
some divided. Extra male nucleus, with its aster divided, in contact with segmenta- 
tion nucleus. 


3 
4 
5. 
Fic. 6. Arbacia egg X Arbacia sperm. Eq. pl. 
7 
8 


Fic. 11. Zoxopneustes egg < Moira sperm. Segmentation nucleus with centro- 
some divided. Fibers from aster of extra sperm nucleus extending into the segmenta- 
tion nucleus. 

Fic. 12. Zoxopneustes egg < Moira sperm. Segmentation nucleus and extra 
sperm nucleus lying side by side and both preparing for division. 
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SOME HABITS AND SENSORY ADAPTATIONS OF 
CAVE-INHABITING BATS.' 


WALTER LOUIS HAHN. 


Introduction 
Scope of the Paper. 
Previous Work 


The Species Studied 
Physical Environment 
Dwelling Places 
Selection of a Spot within the Cave 
Enemies 
Periods of Activity and Rest 
Seasonal Activity 
Relation of Torpor to Season and to Nutrition 
CNNN OU os ca cccdnen shakneeids <ebtnetibaaseiiisdibats Greavasssebiesonantaes 151 
Feeding Habits 
Nature of Food 
Perception of Food 
Drinking 
Locomotion 
Mode of Progression 
Agility in the Air 
Alighting 
Breeding Habits 
Time of Mating 
Period of Gestation 
Behavior in Captivity 
Feeding 
Tendency to Explore 


GENERAL INTRODUCTION. 


The present paper embodies the results of about two years of 
observation on the habits of bats in caves and in the laboratory. 
The subjects to which special attention has been paid are: The 
choice of a dwelling ; the factors determining times of activity 


1Contribution from the Zodlogical Laboratory of Indiana University, No. 95, 


being a thesis accepted as in part fulfilling the requirements for the degree of Doctor 
of Philosophy. 
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and rest; feeding habits; breeding habits; and locomotion, includ- 
ing the sense of direction and means of avoiding obstacles. The 
senses of direction and means of avoiding obstacles have been 
investigated experimentally. Studies on the other topics have 
been carried on largely by observation on free and captive 
animals. 

The work was prosecuted from September 20, 1906, to Sep- 
tember 7, 1907, while the author held the Speleological Fellow- 
ship in Indiana University with residence at the University’s Cave 
Farm three miles east of Mitchell, Indiana. Later the work was 
continued in the laboratory of the University at Bloomington, 
Indiana. There are several caves in the vicinity of both places 
which are inhabited by a large number of bats, thus affording 
exceptional opportunities for the study. 

Some of the notes, especially those on breeding habits, are 
very brief. However, it is thought best to include them, together 
with such facts as those contained in the section on morphological 
peculiarities, in order to give a more complete idea of the biology 
of the animals. The experimental studies also need to be con- 
tinued. 

The data presented are in part psychological, but it is the pur- 
pose of the present paper to treat it from a biological rather than 
a psychological standpoint. 

The work has been carried on under the direction of Dr. C. 
H. Eigenmann, professor of zoology in Indiana University, to 
whom I am indebted for constant advice and criticism. My 
thanks are also due to Dr. Charles Zeleny, associate professor of 
zoology, for helpful suggestions and for aid in revising the 
manuscript. 

Previous: Work. 

Published observations on the habits of North American Bats 
are limited to scattered paragraphs in natural histories and taxo- 
nomic papers. A number of short papers have been published 


on English, and a few on Continental European bats. The only 
extensive studies on the subject are two by Rollinat and Troues- 


sart, the first on the reproduction of the Murine (Vespertilio 
murinus) in 1896, and the second on the sense of direction, in 
1900. 
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MORPHOLOGICAL PECULIARITIES AND RELATIONSHIPS. 


Bats, constituting the order Chiroptera, are more sharply 
marked off from their nearest relatives than any other group of 
mammals. Their closest affinities are with the order insectivora 
which includes such animals as the moles and shrews. However, 
the separation is a wide one and no known fossils are in any way 
intermediate between the two orders. 

The most important modification is the adaptation to flight. 
The changes in structure correlated with the habit of aerial loco- 
motion are the following: The fore limb and pectoral bones and 
muscles are increased in size and the hind limb and pelvis are 
reduced. The axis of the hind limb is rotated so that the knee 
projects backward instead of forward. The digits of the fore 
limb are lengthened to form a support for the wing membrane. 
A thin, flexible membrane extends from the sides of the body to 
the tips of the fingers and from in front of the fore arm to the 
hind limbs and usually includes the space between the latter and 
the tail. 

Other structural peculiarities are as follows: The carpus is 
reduced or almost wanting. The first digit (thumb) of the manus 
is short, nearly free from the wing membrane, opposable, and 
terminated by a curved claw. The other digits of the manus are 
long, slender, included in the wing membrane and not terminated 
by nail or claw. The pes has five short, subequal digits, each 
with a curved claw. The mammze are pectoral and there is usu- 
ally but one pair, although a few species have two pairs. The 
cerebral lobes are without convolutions, and the cerebellum is 
relatively large. The ear conch has a slender internal lobule 
called the tragus in most species, and in several families there 
are foliaceous appendages of skin about the nostrils. 

These structural modifications are worthy of note because they 
are correlated with the characteristic habits of the animals. 
Walking or running, after the manner of most animals, is seri- 
ously impeded by the lengthening of the fingers, the presence 
of a membrane joining the limbs, and by the reversal of the di- 
rection of the knee flexure. Locomotion on solid surfaces is 
therefore the rare exception and flight is the common method of 
progression, 
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The hind limbs are of use’chiefly for clinging while at rest ; 
the fore limbs form only an inadequate support for the animal 
while at rest and they cannot be used at all for grasping as in 
most mammals but, as in birds, they are the chief organs of 
locomotion. 

Most insectivorous and carnivorous mammals use the paws to 
assist in seizing and killing prey and, at times, rest their food 
against some solid object while eating it. Bats, on the contrary, 
seize their prey with the mouth, like swallows and flycatchers, 
and the large, mobile lips assist in holding the food and drawing 
it into the mouth. They usually masticate it while flying and do 
not recover any portion that may be dropped. 

So greatly has this method of feeding modified the habits of 
our common vespertilionine bats that the caged animals rarely 
learn to take food from a dish or from the floor of the cage, 
although they will eat it readily if it is held directly in front of 
them. 

The expansion of the integument to form the flying mem- 
branes has furnished additional surface for bearing organs of spe- 
cial sense and according to Schobl (’71) a large number of tac- 
tile organs are found in the skin of the wing membranes. The 
nasal appendages and the tragus also have a sensory function, 
the exact nature of which is not clearly understood. 

The nocturnal or crepuscular habit, which is shared by all 
bats, is doubtless correlated with the increased number of sense 
organs in the skin which makes the eyes of less importance to 
the individual and enables it to be active in the absence of light. 

Throughout the order there is a relative uniformity of both 
habit and form. A few species have white markings. In many 
others the ventral side of the body is paler than the dorsal but 
otherwise there is a great uniformity of coloration, the prevailing 
color being some shade of brown. I have seen almost as much 
variation in the color of a single species from a restricted area as 
there is in the entire order. While the details of tooth and 
skeletal structure show that not all the members of the order are 
closely related, yet the external forms of widely separated groups 
resemble each other more closely than they do in some of the 
more nearly related species of other orders. 
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THE Species STUDIED. 


All of the bats found in the United States, except a few species 
along the southern border, belong to the typical family Vesper- 
tilionide. In the caves of southern Indiana six species belonging 
to four genera are found living more or less commonly. In 
order of greatest abundance they are: The little brown bat, 
Myotis lucifugus ; the Georgian bat, Pipistrellus subflavus ; the 
Say bat, Myotis subulatus ; the large brown bat, Eptesicus fuscus 
(Vespertilio fuscus of most recent authors); the big eared bat, 
Corynorhinus macrotis ; and the large winged bat, Myotis velifer. 
In the literature on the caves of this region, as well as in some 
of the faunal papers, these species are hopelessly confused- 
Since the vernacular name, little brown bat, is frequently applied 
to all of the species except the big eared and large bats, it seems 
advisable to use the equally convenient scientific names through- 
out this paper. The observations have been made chiefly on 
Myotis lucifugus but also to a considerable extent on Myotis sub- 
ulatus and Pipistrellus subflavus. 

These two species of Myotts differ chiefly in the size of the ears, 
the size and shape of the tragus, and some details of cranial 
structure and dentition. They are about the same size and have 
the same general appearance and essentially the same habits. 
M. lucifugus is much more abundant than sudulatus. 

Pipistrellus subflavus is much smaller than the other two. It 
differs from them in color, in the number of the teeth, the form 
of the skull and other structural details. In habits, it is less 
active, both in nature and in captivity. For this reason it is not 
well suited for experiments. 


THE PuHysICAL ENVIRONMENT. 

All the more detailed observations on bats in a state of nature 
were made in the caves near Mitchell. Since the conditions there 
are fairly typical of the natural environment of the animals else- 
where, a somewhat detailed description will be given. The ac- 
companying diagram (Fig. 1) will serve to illustrate the relations 
of these caverns and openings but not their proportions. The 
arrows indicate the direction of the stream. 

Five caves open on this tract of land, or rather there is a 
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single chain of subterranean passages with five openings. These 
passages are merely a single underground waterway with a good 
sized brook covering the floor in most places. At two points 
the roof has fallen in leaving sections of the stream bed exposed. 


ees 


ma) 

Fic. 1. sz, Entrance to Shawnee Cave ; 2, lower chamber ; 7, blind passage; 4, 
large chamber ; 5, entrance to Lower Twin Cave; 6, entrance to Upper Twin Cave ; 
7, entrance to Lower Spring Cave ; 8, entrance to Upper Spring Cave. Arrows show 
direction of stream. 


These openings have been named as separate caves. The size va- 
ries considerably, but the average height is, perhaps, six feet and 
the width ten. In some places it becomes much smaller and the 
entire passage is filled with water after a heavy rainfall. In other 
places the size is much greater, in the large chamber (Fig. 1, ¢) 
the distance from water level to the top of the chamber is about 
40 feet and the width at the widest point about 100 feet. There 
are numerous lateral passages varying in width from a few inches 
to several feet. A second large chamber is situated near the 
extreme lower end of the cave (Fig. 1, 2). 

Temperature records kept for a period of two years, in the 
large chamber at 4, show an extreme variation from about 51° 
F. in January, to 57° in September. The air at this point al- 
ways contains moisture nearly to the point of saturation. Baro- 
metic pressure here varies approximately with the surface pres- 
sure although the changes take place more slowly. The physi- 
cal environment of the cave-dwelling bats during their periods 
of inactivity, is, therefore, nearly constant for all seasons. 

Not less than five hundred bats, representing five species, spent 
the winter of 1906-7 in these caves. Probably the number was 
much larger, as only those actually seen were counted and some 
creep away into the smaller fissures where they cannot be found. 
These bats come out of the cave to secure food only in twilight or 
darkness in mild weather. 

Since the temperature is relatively constant in the cave through- 
out the year and there is always total absence of light, the 
problem which first presented itself was to determine how the 





SENSORY ADAPTATIONS OF BATS. I4I 


animals happen to come out at the right time. For this purpose 
daily observations were made on the number, location and move- 
ments of bats in the large room (Fig. 1, 2) near the Shawnee 
Cave entrance and also near the entrance of the Twin Cave (Fig. 1, 
45), throughout the year, excepting at several times when the 
cave stream was too high to permit access to these places. The 
large chamber half way between the Shawnee and Twin Cave 
entrances was visited weekly during most of the year. 

Since this work was begun I have visited one or more times 
about fifteen other caves, ranging in size from unnamed sinkholes 
to caverns as large as Marengo and Wyandotte in Indiana and 
Horse and Mammoth Caves in Kentucky. All of them were 
inhabited by bats, and in all the approximate number and distribu- 
tion of these animals have been noted, together with such obser- 
vations on their habits as it was possible to make. Live bats 
have also been under observation in the laboratory from time to 
time. 

Bats have resting places but no homes. They never construct 
any sort of a nest or den nor do they habitually return toa fixed 
spot at regular intervals, although individuals may have a tend- 
ency to resort frequently to the same place. Stone and Cram 
('02) state that they appear to hang themselves up wherever day- 
light finds them. These authors give data which indicate that 
there may be a periodic return to the same spot at short but 
irregular intervals. 

Of the species found in eastern North Ameria some are habit- 
ually cave dwellers and some tree dwellers. The habits of the 
two groups overlap, however, and at least two of the tree-inhabit- 
ing species, Lasturus cinereus and L. borealis are known to have 
entered caves in the past. 

I have not been able to obtain a reliable record of either of 
these species living in the caves of the Mississippi valley at the 
present time. In the large room (Fig. 1, ¢) of the Shawnee 
Cave more than two hundred skulls of L. dorealts and two of L. 
cinereus were found scattered among the rocks on the floor of the 
chamber. Careful searching in the same and other places failed to 
discover the remains of more than twenty-five individuals of the 
three species now most abundant there. The skulls, accompanied 
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by other bones, were scattered among the rocks in a manner in- 
dicating that the animals had probably died where they hung 
suspended from the roof of the cave and that they had not 
reached the place by accident nor been killed all at one time by 
asingle catastrophe. The age of the remains is difficult to deter- 
mine. The cave itself is of comparatively recent origin and the 
bone deposit is evidently much more recent. However, some of 
the bones must have been there for a considerable period, since 
they were covered with a deposit of calcium carbonate more than 
a millimeter in thickness. The remains may indicate that the red 
bat is a decadent species, represented by fewer individuals at 
present than in the past, or they may indicate that it has aban- 
doned the cave-dwelling habit in recent times. 

During the summer all of the cave-inhabiting species resort 
to other places, finding temporary homes in attics, deserted build- 
ings, hollow trees and dark nooks in the forest. Merriam (’87) 
and Miller (’97) have shown that some of the tree-inhabiting 
species migrate, and there is evidence that Myotis lucifugus does 
also. Just after most of the bats of this species left the Shawnee 
Cave, about the end of April, 1907, there was a period during 
which very few were seen flying about in the evening. A few 
weeks laterthey were again seen in abundance. Itseems probable 
that the animals which wintered at this place migrated farther north 
and that the summer residents had passed the winter elsewhere 
Howell (08), describing the diurnal migration of bats near Wash- 
ington, D. C., states that some of those observed were small and 
apparently belonged to the genera Myotis or Pipistrellus. He 
further states that more than a hundred bats were seen between 
g and 10 a. m. on September 28, 1907. All were flying with 
the wind in a southwesterly direction, at a height of from 150 
to 400 feet. Their manner of flight was unusually steady and 
consisted chiefly of a sailing or drifting motion with only occa- 
sional zigzag movements. 

The number and relative abundance of the different species 
vary without any relation to the size or physical condition of the 
cave. Mammoth Cave was visited in November, 1907. Ina hasty 
examination of a part of Little Bat Avenue, about 1,000 bats 
were seen. These were apparently all J/. /ucifugus. The guides 
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inform me that they are never seen in the inner parts of the cave 
— probably not more than a mile from the entrance. 

Marengo and Wyandotte Caves were visited in July, 1907. 
Bats never occur in large numbers in the former, perhaps because 
a building has been erected over the entrance. On the occasion 
of my visit two were seen, one of them flying, in Mammoth Hall, 
the other clinging to the wall in the Pillared Palace. In Wyan- 
dotte Cave the bats congregate in enormous numbers during the 
winter. At the time of my visit in summer only a few were seen. 
Blatchley (’96) states that they reach the innermost recesses of 
this cave in winter, but gives no localities at which they were 
seen beyond Crawfish Spring, about two miles from the entrance. 
The same authority states that he took 401 bats, by actual count, 
from a space one by one and seven tenths feet square, on a low 
ceiling in Saltpeter Cave, Crawford County, Indiana. 

In the caves of the Donaldson Farm they have been found 
throughout all of the explored portions, which, in the Upper 
Spring Cave, extend more than a mile from any known opening. 
The smaller caves about Bloomington have been visited at inter- 
vals throughout the year. In Mayfield’s Cave, four and one half 
miles northwest of Bloomington, the relative abundance of the 
two most common species is reversed. Banta (’07) states that 
P. subflavus is fairly abundant while 7. /ucifugus was seen only 
three or four times during three years’ observation of the cave. 
I visited the place January 11, 1907, and December 21 of the 
same year, and confirmed his observations, finding 17 of the first 
species and 2 of the second on my first visit and 22 and 3 
respectively at the second visit. 

P. subflavus was more abundant also in Strong’s Cave one 
mile from Mayfield’s, during the winter of 1907-8. In Truitt’s 
Cave, 234 miles from Mayfield’s, and considerably larger, there 
were 40 P. subflavus and 51 M. luctfugus on November 29, 1907. 
In Coon Cave, 2 miles from Truitt’s and 4 % from Mayfield’s, there 
were about 500 bats on March 29, 1908, not more than 50 of 
which were P. subfavus. Two M. subulatus were seen and a few 
others may have been overlooked ; the others were MZ. /ucifugus. 
Eller’s Cave, visited on the same day as Coon, was inhabited by 
about 100 bats. Approximately nine tenths of them were J. 
lucifugus and the remainder P. subflavus. 
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Both of these common species have been seen in some very 
small caves near Mitchell. In one of these, at least, they seem 
to have wintered, as several were found there on March 26, and 
a single Pipistrellus was seen under a ledge of rock just outside 
the entrance in February. This cave is merely an irregularly 
spiral sink-hole going down to a depth of forty feet but without 
any large lateral passages. All parts of it receive daylight on 
bright days and the temperature certainly falls quite low in cold 
weather. 

The other caves mentioned vary in size from the two largest 
known caverns in North America to small caves with not more 
than half a mile of passages that are large enough to be explored. 
The entrance to some of them is a vertical shaft, to others it is 
a horizontal passage going into the side of a hill. 

The conditions prevailing within a cave do not determine a 
bat’s choice of a resting place after it has entered. In Coon 
Cave, as well as several others that I have visited, there is running 
water at one point and the air here is usually saturated with mois- 
ture. In the upper part of the cave, some distance from the en- 
trance, the atmosphere is always dry and the floor and walls 
dusty. When I visited this cave, bats were about equally abun- 
dant in the dry and in the wet parts. In the latter places the 
moisture had condensed on the animals and drops of water hung 
from their fur. The arrangement of hairs is such that this mois- 
ture does not penetrate to the skin unless the animal is rubbed in 
moving about. 

Usually the animals go far enough into the cave to be in total 
darkness and a nearly constant temperature, although as men- 
tioned later (p. 163), they sometimes remain for several weeks 
where they are reached by both light and cold. Blatchley states 
that ‘‘ bats choose as a resting place that part of the roof where 
small portions have begun to flake, giving a certain degree of 
roughness, or small crevices, to which they can cling. They can- 
not attach their claws to a smooth surface, hence from large por- 
tions of the roof of a room they may be entirely absent.’’ This 
statement is partly erroneous, for although they cannot attach 
their claws to a polished surface, the limestone walls and roof of 
a cave are ordinarily rough enough to furnish adequate support. 
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I have frequently found colonies clinging to the roof in places 
where there were no large prominences and no crevices, and I 
have seen flying bats secure a foothold in such places in the cave, 
and also to smooth, but unplaned, lumber in a house. The top 
and side walls are preferred equally by the different species of 
Myotis, but Pipistrellus is generally found on the side walls of the 
higher chambers. The claws of both feet are hooked about 
prominences on the stone and when the animal is resting on a 
vertical wall, the wrist and the nails of the thumbs also rest 
against the wall and form some support. However, the feet alone 
are strong enough to support the animal for weeks at a time and 
even to support several others of its kind when they cling to it. 

The social habit is strongly developed in MW. luctfugus. The 
large colonies seen by Blatchley in Wyandotte and Saltpeter 
Caves were almost certainly of this species, although he calls them 
M. subulatus. 1 have never seen them hanging in clusters as 
large as these but have frequently seen bunches of fifty or more. 
The guides at the former of these caves tell me that bats gather 
there in winter in clusters comparable only to a swarm of bees, 
and probably equalling such a swarm in number of individuals. 
Myotis subulatus and M. velifer are not abundant in this region 
but are generally found associated with groups of their abundant 
congener. 

Corynorhinus macrotis has only been seen in dim light near the 
entrances, and there it was found clinging to the side walls with 
its long ears folded down along the sides of the neck. Fptesicus 
fuscus has not been seen far within the caves nor is it abundant. 
The largest number I have found in one place is six, taken near 
the entrance of Mayfield’s cave on December 21. 

Pipistrellus subflavus is solitary in habit. Occasionally two are 
found side by side, though I have never seen them clinging to 
each other except in mating. However, they do not avoid the 
vicinity of others of their own kind nor other species. This species 
seems to prefer the side walls of the higher passages. I have 
never seen it suspended from the roof except where there was a 
crevice or prominent ledge. 
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ENEMIES. 


Very few enemies molest bats in their roosting places in the 
caves. In Eller’s Cave I saw evidence that raccoons had been 
preying on them. It is said that cats have learned to catch the 
flying bats in Wyandotte Cave. No doubt other carnivora some- 
times kill them, but on the whole they are practically free from 
molestation in the caves. While living in trees they are doubt- 
less preyed upon more frequently. In two instances I have 
known them to be driven from their roost by birds, once by a 
robin and once by a blue jay. The barn and great horned owls 
and the sparrow-hawk have been known to eat them in rare in- 
stances. 

Their enemies are so few, however, that they have no sense 
of fear comparable to that of other small mammals. A sharp 
noise will sometimes startle them into activity. If wide awake 
they may fly before they can be picked up by hand or net, or if 
caught they often struggle to get free. But there is never any 
attempt to “lay low”’ or to flee from approaching danger. When 
kept in cages they do not pay the slightest attention to the pre- 
sence of man, nor try to escape his hand if he attempts to pick 
them up, even when first brought into captivity. The absence 
of fear has a marked effect upon the habits and mental life of the 
animals. Only in such species as are without natural enemies is 
it possible that there can be such long periods of inactivity or 
such a deep lethargy in normal sleep. 


Periops oF ACTIVITY AND Rest. 

Bats are usually active only in the twilight and darkness during 
warm or moderate weather. The earliest date at which I have 
seen them flying at a distance from their dwelling place was 
March 3, 1906, at Washington, D.C. The evening was balmy 
but there was snow on the ground in places. The latest date I 
have seen them was November 8, 1906. The evening was warm 
but had been preceded by some hard frosts. I have seen them 
come to the mouth of a cave in midwinter and turn back when 
they felt the cold air. On warm winter nights they no doubt 
prolong these excursions. 
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Since they live a part of the time in the caves where there is a 
total absence of light and where the temperature varies only a few 
degrees throughout the year, the question has been asked, how 
do they know when to come out (Blatchley, ’96)? The answer 
is, they try conditions and only come out under favorable circum- 
stances. So far as I know, careful observations bearing on this 
point have not hitherto been made and it seems worth while to 
record my own in some detail. 

In the first place, hibernation among bats is not strictly com- 
parable to the same process among the lower vertebrates, since 
it is not one unbroken period of torpor more or less dependent 
on temperature (Oldham, ’05; Rollinat and Trouessart, ’96). 
The vital functions of a frog may be practically suspended during 
a long period, the lungs and digestive organs almost ceasing to 
function for the entire winter. In bats the activity of the vital 
organs decreases, though only toa limited degree. The rate of 
respiration is difficult to count accurately because the body 
movement is slight. I have counted the respiration of a dor- 
mant bat in the cave at several times during the winter and found 
the rate to be about 60. At other times I have seen the animals 
apparently cease to breathe for periods as long as four and a 
half minutes, and then after one or two convulsive respirations, 
the frequency would suddenly go up to as high as 82 per min- 
ute. Iam not certain that breathing actually ceased during the 
quiescent period but there was no visible body movement. In 
any case, the same conditions are found during profound diurnal 
sleep at all seasons of the year. 

The animals do not obtain food during the winter but the \_ 
stored fat is used up and wastes are excreted from the body. 2 
Oldham (’05) found fecal matter in the intestine of the lesser 
horseshoe bat (Rhinolophus hipposideros) during the winter and 
regarded it as proof that the animals had been eating recently. 
However, fecal matter is, in part, derived from wastes excreted 
through the wall of the lower part of intestine and is not depen- 
dent upon food. The presence of feces is, therefore, no indica- 
tion that an animal has recently eaten. Lusk’ states that a fast- 


1 «*Science of Nutrition’? Graham Lusk, p. 46. 
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ing dog weighing 30 kilograms excreted 1.88 grams of fecal 
matter per day. In the large number of bats which I have dis- 
sected in winter, the stomach and upper part of the intestine was 
always empty, although feces were present in the rectum. I am 
convinced that the cave bats of southern Indiana seldom or never 
__eat during the winter, the stored fat being sufficient to sustain life. 

The degree of lethargy bears a close relation to the quantity of 
superficial fat stored up by the animal and it is not related to the 
temperature, either without or within the cave, nor to season. 
In fact, the period of least activity is in the autumn and early 
winter, before severe weather has begun. The bats are often 
quite active in the cave during the cold weather of late winter. 
Between August 8 and September 5, 1907, I took a number of 
bats, Pipistrellus subflavus, Myotis lucifugus, and M. subulatus 
from the caves to use in experiments. Some of these were very 
fat while others were comparatively poor. On September 5 I 
used two males of P. subfavus. The first one was quite poor 
and flew readily when released in the room after being carried 
for a short distance in a small box. The second bat had to be 
prodded and tossed about before it could be awakened from its 
lethargy sufficiently to fly. Even then its movements were more 
sluggish and it struck obstacles oftener and also had to be 
frequently disturbed in order to keep it in motion. I have never 
seen a bat more difficult to arouse at any time during the win- 
ter nor one more torpid when once induced to fly. Anexamina- 
tion showed that this animal was exceedingly fat. This is not 
an isolated case but merely illustrates what has been found sev- 
eral times in this and other species. 

When in a state of lethargy, a bat cannot be quickly aroused. 
Neither noise nor light appears to be a sufficient stimulus to 
awaken it. Heat will arouse it more quickly than any other 
stimulus and it will immediately draw away from the heat of a 
candle. Mechanical stimuli are also effective and bats are some- 
times aroused from torpor by being carried for a distance. Merz- 
bacher ('03) found that the reactions of hibernating bats are 
similar to those in which the cerebral hemispheres have been 
destroyed. Theclinging reflex is very evident, even in the most 
torpid animals. In the torpid state the body temperature falls 
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to such an extent that the limbs and membranes feel cold to the 
touch. As the animals are aroused, the breathing becomes 
stronger, the temperature rises, the eyes open and often there 
are convulsive movements of the limbs. The animal may also 
begin to chatter and to creep slowly. If laid on its back it 
slowly rights itself. However, it is some time before it gains full 
control over its muscles. If dropped, the wings spread reflexly, 
but the animal cannot at once fly. There are intermediate stages 
of lethargy in which the torpor is less extreme and the animal 
very quickly gains power over its body, but the extreme condi- 
tions described above have been observed in every month of the 
year except May, June and July, during which months but few 
bats have been under observation. 

Observations on periodic movements of bats were made chiefly 
at two points in the caves at Mitchell, in the large chamber 
(Fig. 1, 2) atthe right of Shawnee Cave, and at a point about 
100 feet within the Twin Cave entrance (5). Both points are so 
near the entrance that the temperature varies considerably. On 
bright days a diffuse light reaches both points for an hour or 
more when the sun’s rays fall directly into the mouth of the 
cave. Daily observations were recorded from January to April, 
1907, with the exception of several times when high water pre- 
vented entering the cave. 

On January 2, with a maximum temperature of 50° F., there 
were 75 bats at the place of observation in the Twin Cave. A 
period of low temperature followed, and high water prevented 
further observations until January 25, when the number had 
decreased to 9. The number now increased gradually until 
February 7, when there were 51, although the temperature 
remained low. With the average temperature slightly rising, 
the number of bats diminished during the next two weeks to 42 
on the twenty-first of the same month. During the next four 
weeks the number of bats again increased until on March 20 
there were 101. The temperature had been rising gradually and 
with some fluctuations, and the average daily temperature on 
March 20 was about 45°; a further rise to 70° on March 27 
followed. With these higher temperatures the number of bats 
on the twenty-eighth of that month was only 18. Unseasonably 
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cold weather during April was accompanied by an increase in 
bats which reached a maximum of 153 on April 20. Observa- 
tions carried on during the same period at 2 (Fig. 1), which is 
another part of the same cavern, showed a variation in the num- 
ber of bats near the entrance which almost exactly paralleled 
that in Twin Cave, thus showing that the movements had some 
common cause and were not wholly accidental. 

Apparently the movements have a definite relation to season 
and temperature. The bats come to the mouth of the cave at in- 
tervals throughout the winter, but these intervals are longer in 
the early winter when the animals are fat and well nourished. 
The unusually warm weather prevailing early in January may 
have acted as a stimulus for them to remain near the entrance ; 
no doubt some individuals left the cave at night in search of food. 
Cold weather followed and the cold, entering the cave, drove the 
animals back to the warmer parts. However the hunger stimulus 

was becoming stronger and the bats came to the entrance more 
frequently and tended to remain there. The maximum number 
was reached with a moderate temperature, and when the weather 
became quite warm the animals left the cave and did not all re- 
turn but found temporary homes in trees and buildings. Cold 
weather in April brought them back to the cave again, but most 
of them remained near the entrance. When the weather again 
became warm at the end of April, they left the cave for the 
summer. 

Other observations were made on the movements of individual 
bats at different times. The location and orientation of different 
individuals were carefully marked and the place was visited 
weekly. Out of 18 bats observed between November 19 and 
December 3, 14 had moved within one week, and none remained 
in the same place during two weeks. Later in the winter one bat 
remained in the same spot near the entrance from February 4 to 
27. Light reached the spot throughout the day and the tem- 
perature remained near freezing point for several days at a time. 
However, this was an exceptional case, as not many bats remained 
in one location for more than four or five days during the latter 
part of the winter. The small bat, P. subflavus, is less active. 
Its average period of staying in one place is about two weeks, 
and one was noted in the same spot for 44 days. 
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Data on the daily movements of bats are still very meager. 
Moffat (’05), who has observed Irish bats, states that among the 
Irish bats, Daubenton’s, the pipistrelle, and the long-eared fly all 
night. The Noctule flies in the evening twilight, and the hairy- 
armed flies for about an hour shortly after sunset, then retires to 
its roost and again comes out shortly before sunrise. Six pipis- 
trelles, living solitary, were found to have similar, and very reg- 
ular habits, leaving the holes in hollow trees from ten to thirty 
minutes after sunset, and returning from forty to eighteen minutes 
before sunrise. The observations, which were made in August, 
showed that there was no difference for warm nights and raw, 
cool nights. Morao (’63) states that the bats in an immense 
colony of Myotis lucifugus in the attic of a house near Charles- 
town, Maryland, were accustomed to leave their roost twice in 
one night. His somewhat poetic statement that they left at 
“the call of the whip-poor-will’’ cannot be considered accurate, 
for in such a large colony, individuals could not be noted and 
any general disturbance of the colony might be mistaken for a 
renewal of the activity of the individuals. 

The same difficulty exists with regard to determining the daily 
activity of bats ina cave. Their dwelling place is so large, and 
the possible exits usually more than one, so that their movements 
cannot be watched. It is possible to go into the cave and exam- 
ine individuals, but there is the danger of disturbing them and 
causing them to leave sooner than they would if unmolested. 

I have seen bats flying in the cave at all hours of the day and 
night, and have also found them at rest there at all hours. Evi- 
dently they may awaken from sleep at any time and fly to the 
mouth of the cave. If the temperature and light are favorable 
they go out and search for food. If it is cold or if the light is 
too strong, they go back. If they are fat and well nourished 
they settle down to another more or less prolonged period of 
lethargy. But if the hunger is strong they are apt to remain 
awake and active, or only go to sleep for a short time. 

The bats in the clusters seen in spring or late winter were usu- 
ally awake and chattering. In the fall and early winter bats are 
generally isolated and torpid. Those that are active are very 
apt to reach the mouth of the cave as soon as conditions out of 
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doors are favorable for their activities. The presence of bats in 
the cave at night, when others are out searching for food, shows 
that there is no definite time at which they all leave their roosts. 
This fact has also been observed with regard to the European 
pipistrelle (Pipistrellus pipistrellus) by Whitaker (’07), who says 
that only part of a large colony left their roost under a roof on 
a certain night. If a large percentage of the animals does become 
active at about the same time, it must be remembered that many 
of them pass the summer in places where daylight reaches them 
and the absence of light as night falls may be a direct stimulus 
to activity. Falling temperature at sunset may also stimulate the 
animals to activity when they are not in the caves. 

On rare occasions the hunger stimulus may be so strong as to 
overcome the natural repugnance to light, and the animals come 
out to search for food in daylight. I have witnessed this but 
twice. In late autumn a /%pistrel/lus was seen circling high above 
the trees, and at another time, May 9, 1907, a Myotis lucifugus 
was seen feeding in the bright noonday sun near the mouth of 
Shawnee Cave. 


On the average, a bat certainly does not fly more than six 
hours out of twenty-four, and that for not more than eight months 
of the year. At least five sixths of its life is spent hanging head 
downward in the dark. 


From the foregoing facts we may assume that a bat’s life is 
made up of a series of alternating periods of torpor and activity. 
The relative and absolute length of these periods depends on the 
state of bodily nutrition.’ When the body is well nourished and 
the quantity of reserve fat large, the periods of lethargy are long 
and the time of activity short. As the stored fat is used up the 
periods of lethargy become shorter and active states longer and 
more frequent. During the season of greatest activity, from May 
to July inclusive, the times may correspond to daylight and dark- 
ness, and the condition of the animals to ordinary sleep and 
activity. However, the longer periods have no direct relation to 

1 The physiology of hibernating bats has been studied by Rulot (’02) and Merz- 
bacher (’03). According to the former, glycogen and albumen 4re consumed during 
hibernation, especially toward the end of the period. It is evident that the hiber- 


nating state in the bats studied by these authors is more profound than it is in the 
bats which I obtained in the caves, 
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season or temperature nor are any of the periods dependent upon 
the physical environment. 


FEEDING HABITS AND THE PERCEPTION OF FOoop. 


The feeding habits of bats are by no means easy to study. 
They habitually secure their food while flying, and then only dur- 
ing twilight or darkness when it is impossible to distinguish their 
movements accurately. In a state of nature their food consists 
largely, perhaps wholly, of insects. The single time that I have 
seen a bat feeding in daylight near enough to distinguish its prey, 
it was catching small ephermerids and diptera. At dusk they 
can sometimes be seen pursuing larger insects, apparently beetles. 
The food is so thoroughly masticated that examination of stomach 
contents furnishes no definite clue to the identity of the things 
eaten. Neither does the food that an animal will eat in captivity 
afford an index to its natural food. Meal worms seem to be the 
favorite article of diet of captive bats. Fresh meat is eaten readily. 
They will also eat a small worm (7Zzdzfex) which lives only in 
mud and certainly is never eaten by the animals in nature and has 
not been by their ancestors since the flying habit was acquired. 

Dobson (’78) states that a fruit bat (Cyopterus) which he cap- 
tured in Calcutta consumed a banana twice its own weight in three 
hours. Whitaker’ states that the hairy armed bat, Ptergystes 
leisleri, eats about five dozen meal worms a day, and that a 
female noctule, P. noctula® after several days fasting, during 
which she gave birth to young, consumed eight dozen meal 
worms in one evening. None of the bats which I have had in 
captivity have been voracious eaters. Captive bats will learn to 
eat meal worms greedily when they are offered to the animal 
with the fingers or a pair of forceps. Only on one or two occa- 
sions have I ever seen a bat pick up food from the floor. When 
a meal worm is taken between a pair of forceps and held 
before a bat, the animal will snap at it eagerly, especially if the 
worm is wriggling. However, its efforts are not well directed 
and it is as apt to get the forceps in its mouth, or to miss the 
objects completely, as it is to seize the worm. 

When food is accidently dropped the bat does not make any 


Moy 9° OG. 





154 WALTER LOUIS HAHN, 


attempt to recover it and does not even turn its head to look for 
the lost morsel ; generations of flying ancestors have not found 
it advantageous to try to recover an object dropped while on the 
wing. 

Bats are not wholly dependent on a single sense for distinguish- 
ing their food. Smell, on which many other mammals are chiefly 
dependent, here is of subordinate importance. The reason is to 
be found in the way in which food is secured. Any creature 
walking on a solid surface and having a characteristic odor, can 
be located, or can be traced some time later, by an animal with a 
keen sense of smell. But flying insects, which form the chief 
food of bats, do not leave a permanent odor in their path nor 
can their presence be definitely localized because the odors are 
diffused too rapidly and unevenly by shifting currents of air. I 
have held meat, meal worms and insects near a hungry bat and 
it did not seem to notice their presence until some sense besides 
smell was stimulated. However, fresh meat fastened to the side 
of the cage was found and eaten after a time. On one occasion 
a bat that was running across the floor of a cage perceived a piece 
of meal worm it was passing and picked it up. This was, how- 
ever, the only instance of the sort I have observed in handling 
and feeding a large number of bats. The same animal and others 
seemed quite unable to find meal worms or insects lying quietly on 
the bottom of the cage. Occasionally they found meat placed 
in a small dish. This happened more often with Zptesicus and 
Fipistrellus than with either species of Myotis, though the latter 
found the meat more readily when it was fastened to the side of 
the cage so that the animals climbed about over it. 

It must not be inferred from the above statements that the 
sense of smell is lacking, or even rudimentary. All bats have a 
strong odor, the purpose of which is probably to attract others 
of their kind. This may be taken as an indication that smell is 
well developed, for otherwise the odor would be useless. The 
action of the animal mentioned above in stopping to pick up the 
meal worm, and the ease with which others learned to find and 
eat such unfamiliar food as meat, also indicate that the sense 
of smell is not lacking. The fact that they do not usually notice 
food when it could be perceived by this sense alone, indicates 
only that they are not accustomed to find it in that way. 
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After extended observations on the subject, I am still unable 
to form any definite conclusions with regard to the importance 
of sight to these animals. That they can see light and darkness 
and moving objects is unquestionable. That the sense of sight 
is not highly developed is equally certain. The behavior of some 
of the animals appears to indicate that at times they depend on 
this sense to a considerable degree, both in securing food and in 
avoiding objects. 

On bright nights, and in twilight, a dark, moving object can be 
readily seen against the skyline. Under such circumstances 
sight would be of use to bats in helping them to find the general 
location of food. Whether it really guides them at such times 
is a point not yet determined. 

Bats are extremely sensitive to vibrations of high frequency. 
A sharp whistle, sucking noises with the lips, tearing a sheet of 
paper and drawing the finger nail across a piece of thin board or 
rough cardboard cause them to start violently, but low pitched, 
rumbling noises have no apparent effect. 

Flying insects usually produce a high-pitched hum. While 
it would be of advantage to a bat to perceive these sounds, the 
evidence that they are actually guided to their prey by hearing 
them is inconclusive. It is not possible in observations on feed- 
ing to distinguish between response to hearing and to tactile 
stimulation, by the vibrations. The voice of different species of 
bats varies but it is always high pitched. Alcock (’99) states 
that the voice of the hairy-armed bat has about 17,000 vibrations 
per second. The pitch has not been determined for the voice of 
the American species. 

It is evident, however, that it is the motion of the insects that 
lead to their perception by bats. Whitaker (’06) states that a 
noctule which he observed caught a pebble tossed into the air. In 
this country boys often gather under the electric lights or at the 
edge of a wood where bats are abundant in the evening, and 
knock them down with a fishing pole waved rapidly in the air. 
In both cases the bats are attracted by the moving object and 
probably by hearing. The tactile sense, located in the vibrissz 
and lips, is certainly very delicate and doubtless aids the animal 
to definitely locate its food. In feeding meal worms to bats I 
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have found that the animals do not, as a rule, pay any attention 
to worms held near them so long as they are quiet. But when 
the worms begin to wriggle the bats at once become excited and 
begin to snap at them. This happens when they are not touched 
by the worms and when the latter are out of the range of vision. 
It seems improbable that touch is the sense here aroused. The 
food must have been perceived by the tactile organs being stimu- 
lated by air currents set in motion by the moving worms. 

It is said that bats use the interfemoral membrane, which the 
flying animal carries curved downward and forward under the 
body, as a sort of scoop in which insects are caught. It is pos- 
sible that food is thus secured at times, but it is more often seized 
in the mouth. However, the membrane is used as a pouch into 
which the bat thrusts its head when it has an insecure hold on 
an insect. The membrane thus serves as a pouch to prevent 
dropping the food and also serves as an object against which the 
struggling prey can be pressed while a firmer hold is being 
secured. E 

Observers (Whitaker, ’06 ; Grabham, ’99), who have studied 
the habits of various European species of bats agree that they 
drink while on the wing, flying over a body of water and dipping 
down to its surface to drink. I have observed the same habit in 
M. luctfugus ; it probably alights to drink also. When in cap- 
tivity this species learns readily to come to a small cup of water 
placed on the floor of its cage. The animal gets up on the edge 
of the dish, resting on its wings and body and bracing with its 
feet. Often it dips a part of the forearm and wing into the water. 
The lower jaw and tongue are thrust in, the mouth is filled with 
water and, generally, but not always, the head is raised to its 
normal position and the water is taken down in a succession of 
rapid swallows. On the whole, the method of drinking resembles 
that of a young chick, except that the head is not lifted so high. 

If the conclusions given above as to the manner of perceiving 
food are correct, it is obvious that water must be perceived in some 
other way, since it is obtained where it is relatively stationary and 
noiseless. On two occasions I have seen bats in the laboratory 
apparently attempt to drink while flying. On the first occasion 
there was an aquarium of running water in the room. The bat 
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flew near enough to this to feel the splashing water and then 
turned and flew repeatedly across the room, keeping near the 
floor and frequently giving the floor an audible bump with its 
opened lower jaw. The other time there was no running water 
in the room which could have set off the impulse, but there was 
standing water which it may or may not have approached. On 
both occasions there was a good light, either artificial or daylight, 
and the floor was of a dull, yellowish brown color which might 
look to an animal flying over it like water of a pond on a starlit 
night. 

The evidence at hand is not sufficient to prove the point, but 
it seems probable that sight may be the sense by which water is 
usually distinguished, but that moisture-laden air, rising from a 
body of water to a bat flying above it, also helps the animal to 
locate water. 

I am unable to say whether bats ever drink in the caves. In 
most places there is so much moisture that they probably do not 
become thirsty. There is no evidence to show that they ever eat 
in the caves. Some insects could be obtained there but the 


quantity would be inconsequential as compared with the number 
of bats to eat them. The lack of sufficient food is doubtless the 
only reason that they have never become true cave dwellers. 


LOCOMOTION. 


Bats are more helpless on their feet than most birds. This is 
in part due to the mechanical impediment of the flying membrane, 
and in part to the skeletal modification outlined in the section on 
morphological characters. As a result of these changes in form 
the animals cannot support themselves on their hind limbs alone, 
as do birds and man, nor can they rest upon the terminal part of 
the fore limbs. When walking upon a horizontal surface a bat 
rests upon the sole and claws of the hind foot and upon the car- 
pus and thumb of the fore limb. The phalanges are usually 
folded backward along the fore arm, as when at rest, though the 
wing is sometimes slightly expanded. The tail and interfemoral 
membrane are curved forward under the body and both the tail 
and the wing may touch the floor at times. The body is elevated 
so that it clears the floor. The limbs are moved as in other 
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mammals, the right hind limb being lifted with the left fore limb, 
and vice versa. The steps are necessarily very short because the 
membranes prevent long steps, although they are sometimes quiet 
rapid. This rapid movement across the floor has been very well 
described as “scurrying.’’ It is never kept up for a long dis- 
tance. The animals apparently become tired in a run of a few 
yards. 

Flying is the usual mode of locomotion for bats and they have 
the capacity for flight developed to a high degree. We have no 
definite information as to the speed of a flying bat, the duration of 
its periods of flight, nor the distance that it will travel from either 
its birthplace or its temporary dwelling. Some of the animals 
that I have had in captivity seemed to tire very quickly and could 
not be easily induced to take to flight when they had once settled 
down. Attempts to estimate their speed can be scarcely more 
than a guess because their erratic, wavering flight is much more 
difficult to measure than that of a bird, and because of their noc- 
turnal habits. Myotis /ucifugus probably flies at a rate of about 
ten to twelve miles an hour. £. fuscus flies faster and P. sud- 
flavus not so fast. The flight of the last named species is weak 
and wavering and resembles that of a butterfly. £. fuscus has a 
relatively rapid, strong and steady flight, while Myotis lucifugus 
and M. subulatus are, in a way, intermediate between the two. 

The quick turns and evolutions which bats make as they fly 
about in the twilight are for the purpose of catching flying insects. 
However, their manner of flight is essentially the same when they 
are not feeding. It may be that this erratic flight has some rela- 
tion to the kind of place in which these animals are accustomed to 
live. In the earlier stages of the evolution of flight, bats must have 
lived in trees and their movements must have consisted of short 
leaps or flights among the branches, where skill in avoiding the 
limbs and in clinging to them was of more consequence than steady 
or prolonged flight. As the power of flight became better perfected 
the animals would still secure their food largely among the trees, 
but would remain on the wing longer and would dart here and 
there among the branches snatching food as they went. Hence 
the importance of being able to readily perceive and avoid small 
objects. The cave-dwelling habit would tend to further develop 
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these peculiarities, since the angles and projecting ledges of the 
caves would prevent a straight and continuous flight. Catching 
insects on the wing would make agility count for more than en- 
durance and steadiness, and hence the characteristic mode of flight 
has been preserved. 

The migrations previously mentioned (p. 155) would seem to 
indicate that individuals may travel five or six hundred miles 
twice a year. The steady flight noticed by Howell (’08) in 
diurnal migration may be taken as an indication that these 
animals make long, continuous flights and have considerable 
endurance. In this characteristic we find another analogy to 
birds. 

A flying bat can change its course or check its momentum 
very quickly. When it does not perceive a solid object that it is 
approaching, it sometimes strikes its head while going full tilt 
and falls down. Usually, however, an object is perceived before 
actual contact takes place, and in that case the animal is always 
able to check its flight and alight on the obstacle if it is too near 
to turn aside and avoid it. 

The quick turns and dodges seem to be made by changing the 
angle of the wings either antero-posteriorly or dorso-ventrally. 
The interfemoral membrane and tail may act as a rudder, but a 
bat from which they had been removed flew as well as before the 
operation. 

A flying bat can alight on a vertical wall in several different 
positions. Oldham (’05) states that the British Vespertilionidz 
alight on vertical surfaces with the head upward and reverse 
quickly after obtaining a foothold, while the lesser horseshoe bat 
(family Rhinolophidz) reverses in the air and alights head down- 
ward. Both of our common species of Myots, and I think all 
of our other cave-inhabiting bats, can reverse in the air and 
alight head downward although they do not always do so. 
When flying against a window screen or some other object, not 
perceived until it is almost touched, they alight head up, striking 
with the anterior end of the body first and letting the posterior 
end settle down. 

The reversal consists in a sidewise dip with wing and head, the 
hind limbs being brought forward and thrown upward at the 
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same time so that the one wing is directly above the other ; the 
sidewise motion then continues far enough to bring the head 
under the tail and the claws of the feet grasp the surface. If the 
wall is too smooth to furnish a foothold the bat is in position for 
immediate flight. Sometimes the position is only partially 
reversed and the animal alights sidewise. In this case the thumbs 
support most of the weight. 

A flying bat can secure a foothold upon a horizontal surface 
beneath which it is flying as easily as on a vertical wall. To 
secure a foothold the bat throws its head downward and its feet 
upward and forward till they touch the roof and the claws grasp 
the supporting object. The quickness with which the momentum 
of flight is checked is one of the nicest adaptations of a bat’s 
life. Only a slight roughness is necessary for the sharp curved 
claws to secure a firm hold. I have seen a flying bat clasp and 
hold a vertical number 16 wire that it accidentally struck. The 
fore arms were placed behind the wire which was pressed against 
the back as a man might hold a cane thrown across his shoulders. 
A bat in flight can catch a rafter or similar object by a single 
thumb, or by the claws of one foot. Metal, glass, polished wood 
or stone are not rough enough to furnish support, but unplaned 
boards, and rough limestone, furnish adequate foothold. 

When a bat launches into flight from a perch on the roof or 
side wall, it always drops downward, spreading the wings as it 
drops. It can launch into flight from the floor or other flat sur- 
face, but it cannot rise vertically in the air from a resting position. 
A bat which fell into an empty aquarium, 16 inches in diameter, 
and the same depth, was unable either to climb its smooth sides 
or to fly out of it. When caught in a dip net they are unable to 
fly out of it, but must climb the sides and fly from the rim to 
escape, a fact which makes it easier to capture them. 


BREEDING Hasits. 

The reproduction of some of the European bats belonging to 
the families Rhinolophidz and Vespertilionidz has been studied 
by several zoologists. Benecke (’79), Eimer (’79), Van Beneden 
and Rollinat and Trouessart (’96), all state that copulation takes 
place in late summer or autumn. The spermatozoa fill the lu- 
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men of the uterus and remain alive but inactive throughout the 
winter. Ovulation and fertilization take place at the return to 
active life in the spring and development begins at once and con- 
tinues without a resting stage. Duval (’95) states that bats 
copulate a second time immediately after hibernation, but Rollinat 
and Trouessart (’96, p. 220) consider his observations to be 
erroneous. 

The reproduction of American bats has not been studied in 
detail. I found Myotis lucifugus copulating in Shawnee Cave on 
October 27, 1906, and at two unrecorded dates shortly afterward. 
In Truitt’s cave I saw a pair copulating on October 19, 1907. 
Two pairs of Pipistrellus were apparently copulating in the same 
cave on November 29, but they were too high to be reached and 
I could not be certain. A pair of Myotis subulatus appeared to 
be copulating early in April, 1907, but they also were in a posi- 
tion where they could not be obtained or be carefully watched. If 
mating actually took place at this time it may have been the 
post-hibernal mating mentioned by Duval, as it is extremely 
improbable that this species would copulate at a very different 
season from its near relative. 

In sexual congress the female clings to a vertical wall or ledge. 
The male attaches himself to the posterior part of the body of 
his mate, and clings to her fur and membranes with his claws, 
but also rests in part on the interfemoral membrane and body. 
The posterior portion of his body is flexed forward, pushing aside 
the interfemoral membrane of the female, so that contact between 
the genital organs can take place. Coues and Yarrow (’75) state 
that the red bat (Lasiurus borealis) copulates during flight, but 
this statement is so at variance with the facts observed for the 
other species that it cannot be accepted without further confirma- 
tion. 

The uterine contents of JZ. /ucifugus were not examined to de- 
termine at what time fertilization takes place. However, embryos 
were not present in any that have been examined in the caves, 
including several as late as April 9, and one on April 27. It 
can be asserted, that in this species, development does not begin 
until the beginning of the summer activity of the female. After 
this time the females seldom or never enter the caves and I have 
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not been able to find them at all during the period of gestation 
and the rearing of the young, nor have I ever found the young 
bats of either species of Myotis before they had reached adult size. 

Pipistrellus likewise leaves the cave for the breeding season, 
although I have taken a female of this species containing three 
small (about 2 mm.) embryos in the Twin Cave on June 6. 

The males of certain oriental species of bats (C/zromeles tor- 
guatus and some of the species of Cynopterus) have special adap- 
tations for carrying the young. The Standard Natural History 
(p. 161) generalizes from this fact so far as to say that ‘it is not 
doubtful that the male attends to his mate and young with con- 
siderable assiduity.” The absurdity of this statement in so far 
as it applies to our common Vespertilionidz, is apparent from 
the further statement on the same page that “the sexes do not 
mingle and come together only at the nuptial season.’”’ There 
is almost certainly no permanent mating but the animals copu- 
late indiscriminately, several males perhaps mating with one 
female. This is what might be expected in gregarious animals 
that do not rear their young in a nest or den, but give birth to 
them at any convenient place and carry them about. Rollinat 
and Trouessart (’96) believe that this is what happens in the case 
of Piptstrellus pipistrellus and Vespertilio murinus. 

The females of our species of Myotis, and perhaps the other 
Vespertilionide of eastern America, probably seek out isolated 
places in which they give birth to the young and where they 
spend most of the time while rearing them. As long as they 
remain in the cave in the spring there is no complete segregation 
of the sexes. I have found the two sexes associated in Twin 
Cave on different dates in April (the latest examination was made 
on April 25) both in the years 1907 and 1908. 

The females leave the caves somewhat earlier than the males. 
On April 25, 1908, ina search through the outer parts of all 
the caves on the Cave Farm, I found 23 male P. sudflavus 
and 4 females. Twenty-five male V. /ucifugus were also found, 
to only 2 females of that species. On May 13, in Truitt’s Cave, 
there were 17 P. subflavus and 5 M. lucifugus, all of both species 
being males. 
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THE BEHAVIOR OF Bats IN CAPTIVITY. 


Bats in captivity, as well as those at liberty, are very erratic 
and uncertain in their behavior. Some of them are sluggish and 
cannot be used at all for experimentation. Others are quite active 
for a time and then suddenly retire to some corner, hang them- 
selves up by the feet, and do not move from their chosen position 
for hours, or even days, unless they are disturbed. If disturbed, 
they sometimes open their mouths and chatter angrily, but do not 
move unless forcibly pushed aside. Others will fly a short dis- 
tance and then settle down again. Occasionally a repeated dis- 
turbance will arouse them to complete activity. 

They learn to go and drink from a small dish of water placed 
in their cage. Some have learned to go to a dish of raw meat 
and eat. Asa rule, however, they do not find food on the floor 
of the cage, but will eat more readily if meat is placed on the 
sides, where their head comes in close contact with it as they 
move about. 


Insects are not readily eaten unless presented to them with 
fingers or forceps. Meal-worms are eaten with much apparent 


relish, but often, especially in winter, even this food has to be 
thrust into their mouths so that they will taste it before they 
learn to eat. I have often turned the meal-worms loose in a 
cage or small box with bats, but not one has ever been picked 
up as it was crawling around, although they sometimes crawl 
over the animal’s body and membranes. 

The manner of eating, and the time required for the consump- 
tion of the same amount of food, varies considerably at different 
times and with different individuals. They eat slowly as com- 
pared with other animals of equal size ; from one to five minutes 
being required for eating a single meal-worm. Some swallow 
only the juices and soft parts, letting the chitinous shell pass out 
of the corners of the mouth. 

During the winter 1907—8 my captive bats were kept in small 
glass and wire cages that were placed in a small photographic, 
dark room. The door was never closed tightly, except tem- 
porarily, so the darkness was not complete and ventilation was 
fairly good. The temperature varied somewhat but never fell 
below 40° F. nor rose above 65°. The animals spent most of 
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the time clinging to the sides of the cages near the top, but went 
down now and then to get water. As long as they were undis- 
turbed they moved about little and remained in good health. 
Some JM. lucifugus obtained in Mammoth Cave, November 8 
were kept alive until March 26. When taken out and held in 
the hand or placed in a warm room and touched occasionally, 
their temperature gradually rose, and in from ten to fifteen 
minutes they usually began to creep about, and then to fly. For 
some reason that I have not discovered, the animals never lived 
long when they were disturbed frequently. From February 10 
to March 3 was the longest that I was able to keep a bat in good 
health when using it daily forexperiment. It is possible that the 
dry atmosphere of the steam-heated rooms is not suitable for 
them. 


A characteristic of bats, liberated in a large room where they 
can fly about, is the tendency of an individual to alight frequently 
in the same place. 

Another noteworthy tendency is that of exploring every nook 
and corner of a room. It results in finding any crevices through 


which it is possible to escape. This tendency must have been of 
incalculable importance to animals accustomed to spending much 
of their time in dark retreats, reached only through small and 
winding passages. 


( Zo be continued. ) 








